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AB iJP^Z2aa g9 A j UPAB: 930922 

\nti-T-2-toxin-monoclonal antibody is produced by hybridoma formed 
by cell fusion of (a) mouse myeloma cells and (b) mouse lymphocyte 
cells derived from mouse previously immunised with T-2-t oxin-contg 
napten-antigen. Measurement of T-2-toxin or its analogues by the use 
or the anti-T-2-toxin-monoclonal antibody, is claimed. 

T-2-toxin is isolated from a culture soln. of Fusarium 
sporotrichioides and purified. This is bonded to a protein carrier 
(e.g. bovine serum albumin) to obtain a hapten-ant igen, and mouse is 
immunised Spleen cells are isolated from the immunised mouse. These 
were blended with mouse myeloma cells in the presence of 
polyethylene glycol for cell fusion, whereupon feeder cells (e.g. 
mouse spleen cells) are pref. used, to obtain hybridoma cells, these 
are incubated in HAT medium. 

USE /ADVANTAGE - The antibody has high specificity to T-2-toxin 
and it analogues and may be used for the measurement of such 
T-2-toxins . 
0/0 



Japanese Published Examined Patent Application 
JP 05043358 

Title of the Invention: Anti-T-2 toxin monoclonal antibody and assay method for T-2- 

toxins using the monoclonal antibody 

Scope of Claims for Patent 

1 . An anti-T-2 toxin monoclonal antibody produced by a hybridoma formed by cell 
fusion of mouse myeloma cells and mouse lymphocyte cells derived from a mouse 
previously immunized with a T-2-toxin-containing hapten-antigen, said antibody being 
substantially nonreactive to neosolaniol and deoxynivalenol, and having a cross reactivity 
to HT-2 of about 3% and a T-2 toxins detection sensitivity of about 25 pg/assay. 

2. An assay method for the detection of T-2 toxins using an anti-T-2 toxin monoclonal 
antibody produced by a hybridoma formed by cell fusion of mouse myeloma cells and 
mouse lymphocyte cells derived from a mouse previously immunized with a T-2-toxin- 
containing hapten-antigen, said antibody being substantially nonreactive to neosolaniol 
and deoxynivalenol, and having a cross reactivity to HT-2 of about 3% and a T-2 toxins 
detection sensitivity of about 25 pg/assay. 

Detailed Explanation of the Invention 
[Technical Field of the Invention] 

The present invention relates to a monoclonal antibody which is highly specific to T-2 
toxins; a hybridoma that produces the monoclonal antibody; a method for their production; 
and an assay method for detecting T-2 toxin using the anti-T-2 toxin monoclonal antibody. 
[Prior Art and Problems] 

T-2 toxins are toxic secondary metabolites produced by microorganisms of certain 
species of the genus Fusarium. T-2 toxin is one of those having a strong toxicity among 
mycotoxins and currently its contamination in grains, feed and meat has created 



discussions. 

For the detection of T-2 toxin in grains or their processed products, TLC and GLC 
have been used and in recent years, the immunoassay methods have also been 
attempted. 

It is needless to say that an antibody having a high specificity is necessary to 
specifically determine T-2 toxin by the immunoassay methods. 

In producing an antibody against low molecular compounds such as T-2 toxin, since 
such compounds do not have immunoantigenicity, the method normally used is to 
conjugate them to a high molecular carrier such as proteins to give a hapten-antigen 
before immunizing animals. In the case of trichothecene compounds including T-2 toxin, 
it is difficult to produce an antibody that is specific to only one of these compounds and 
the antibody usually obtained often undergoes a cross reaction with many other 
compounds of the same group to which the targeted compound belongs. 

Heretofore, antibodies against T-2 toxin have been prepared by immunizing rabbits 
with a hapten-antigen obtained by conjugating T-2 toxin to bovine serum albumin (BSA). 
However, the obtained antibodies did not have sufficient specificity and showed a cross 
reaction with T-2 toxins in general. Thus, in spite of the efforts so far made by many 
researchers, there has not been obtained any highly specific antibody againstT-2 toxin. 
As the development of a specific assay method for T-2 toxin in grains is currently required, 
preparation of a T-2 toxin-specific antibody is strongly expected. 

According to the conventional methods for the production of antisera in which hapten- 
antigens are newly prepared every time animals are immunized, antibodies having a 
different titer and specificity and belonging to a different antibody subclass are obtained 
from time to time depending on the method of hapten-antigen preparation, individual 
difference of animals, and immunization method. Therefore, when they are applied to an 
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assay reagent, delicate influence is caused on the results of assay. 
[Object of the Invention] 

The purpose of the present invention is to provide a monoclonal antibody which is 
highly specific to T-2 toxin as well as a method that enables accurate assay for T-2 toxins 
using the monoclonal antibody. 
[Brief Description of the Invention] 

The present inventors formulated a concept that if a hapten-antigen is used for 
immunization, a clone that produces an antibody specific to a targeted antigen will be 
found among antibody-producing many clones in immunocompetent organs, particularly 
spleen of animals. They considered that a method for producing an antibody having a 
high specificity could be established by selecting the targeted clone by cloning, and 
obtaining a monoclone and have made studies to this end. As a result, the present 
invention has been completed. 

An anti-T 2 toxin monoclonal antibody produced by a hybridoma formed by cell fusion 
of mouse myeloma cells and mouse lymphocyte cells derived from a mouse previously 
immunized with a T-2 toxin-containing hapten-antigen. 

The present invention is explained in more detail as follows: 

The first stage to achieve the object of the present invention is to establish a novel 
monoclone hybridoma that produces the antibody. While the detailed embodiment of the 
process to establish the hybridoma will be shown in Examples below, simply, the process 
comprises the following three steps: 

1. Immunization 

2. Cell fusion 

3. Selection of hybridomas and cloning to obtain a monoclone 
Immunization 



In the present invention, T-2 toxin isolated and purified from the culture liquor of 
Fusarium sporotrichioides may be used by way of example. 

Since T-2 toxin independently cannot be an antigen, it is conjugated to a protein to 
form an immunoantigen. Any proteins may be used so long as they are generally 
available. Bovine serum albumin (BSA) that is readily available is usually used. In 
addition, ovalbumin (OVA) and keyhole limpet hemocyanin (KLH) may be used. For the 
conjugation of T-2 toxin to proteins, known methods can be efficiently used. 

As the method for conjugating T-2 toxin to proteins, the carbodiimide method in which 
conjugation is effected by condensation by dehydration with carbodiimide using the 
carboxyl group of T-2 hemisuccinate (T-2-HS) formed by reacting the hydroxyl group of 
T-2 toxin with succinic anhydride, and the method using acid anhydrides may be 
mentioned. 

When the immunoantigen is successfully prepared, then, it is necessary to select an 
animal for immunization, which is to be decided depending upon the tumor cells to be 
used for cell fusion. Generally, rats and mice are often used. Among mice, a Balb/C 
mouse for which tumor cells without producing immunoglobulin are established is usually 
used. 

The hapten-antigen is used after dissolving it in an isotonic buffer or physiological 
saline and it is preferable to administer 10 \ig to 300 i^g/dose/mouse. Immunization is 
performed several times, initially often together with an adjuvant. As the adjuvant, alum, 
dead cells of tubercle bacillus, nucleic acids, and Freund's adjuvant are used. 
Immunization is carried out at 2 to 4 week intervals. The final immunization is performed 
by intraperitoneal^ or intravenously injecting the hapten-antigen dissolved in 
physiological saline without using any adjuvant. 
Cell Fusion 



Two to four days after the final immunization, lymph nodes or spleens are excised and 
the lymphocyte cells obtained are subjected to cell fusion. As the tumor cells used for 
cell fusion, initially MPC-11 , P3-X63-Ag8, etc. were available. However, since they 
themselves produce an immunoglobulin, recently P3-X63-Ag8-U1 , P3-NS-1 and SP2/0- 
Ag14 (SP2/0) are generally used. 

In carrying out cell fusion, 5 to 20 times as much lymphocyte cells as the tumor cells 
are used. The tumor cells washed with DMEM, McCoy or RPMI1640 medium or isotonic 
buffer are mixed with lymphocyte cells and the mixture is centrifuged into a pellet. After 
breaking the pellet, cell fusion is effected using HVJ (Sendai virus) or polyethylene glycol 
(PEG). Usually, 0.5 to 2 ml of a 40 to 60% solution of PEG having an average molecular 
weight of 1000 to 8000, which is convenient to handle, is used. Colchicine, dimethyl 
sulfoxide, poly-L-arginine, etc. may be added to promote cell fusion, however, such 
addition is not essential. 

After effecting cell fusion for about 1 to 10 minutes using PEG solution, 10 to 50 ml of 
DMEM or RPMI1640 medium is gradually added to terminate the fusion reaction. The 
reaction mixture is then centrifuged to remove the supernatant, followed by the addition of 
DMEM or RPMI1640 medium containing 5-20% fetal calf serum (FCS). The mixture is 
put into each well of a 24-well incubation plate in 1 ml portions so that each well contains 
1x10 5 to 5x1 0 6 lymphocyte cells or of a 96-well incubation plate in 0.1 ml portions so that 
each well contains 1 to 2x1 0 6 lymphocyte cells. In both cases, feeder cells are 
preferably added. As the feeder cells, thymus cells and spleen cells of rat and mouse 
are used. They are added so that their concentration be 0.5 to 2x1 0 6 cells/ml. Next, the 
medium is gradually exchanged with RPMI1640 medium (or DMEM medium) containing 
1x40 4 M hypoxanthine, 4x1 0 7 M aminopterin and 1.6x10* 5 M thymidine, namely, HAT 
medium. Generally, the exchange is performed by adding the volume of HAT medium 




equal to that put into each well of the incubation plate upon cell fusion on the next day and 
further exchanging half the volume with HAT medium on the day next to that of initial 
exchange. After that, half the vojume is exchanged with HAT medium every 2 or 3 days. 
After 10 to 14 days of cell fusion, half the volume is exchanged with HAT medium without 
containing aminopterin, namely HT medium and 1 to 3 days thereafter, half the medium is 
exchanged with ordinary medium without containing HAT every 1 to 3 days. 
Selection of hybridomas and cloning to obtain a monoclone 

Hybridomas producing the targeted antibody are selected by analyzing the cell culture 
supernatants of the wells showing active proliferation of hybridomas by various methods 
(e.g. RIA, the plaque method, agglutination reaction, ELISA, etc.). When the 
hybridomas are obtained, cloning is carried out. As the cloning methods, in addition to 
those using FACS (Fluorescent Activated Cell Sorter) and of picking up colonies using 
Soft Agar, the limiting dilution method which is frequently used may be mentioned. 
Cloning is performed at a cell concentration at which colonies are formed from one 
hybridoma. According to the limiting dilution method, the number of cells per one well 
must be less than 0.6 for a well of 96-well plate. In any of the methods, cloning is to be 
carried out two times to obtain a monoclone. 
Production of anti-T-2 toxin monoclonal antibody 

Once a clone is established, an antibody is produced by massive incubation in vitro or 
by ordinary incubation in vivo. The antibody produced in vitro has a low antibody titer 
though free from the contamination of other antibodies, whereas that produced in vivo, 
though containing some host components, has a very high antibody titer compared to the 
former. Which method should be used depends on the purpose. 

Anti-T-2 toxin monoclonal antibodies, T2.1 , T2.2, T2.3, T2.4, T2.5 and T2.6, are 
obtained through the method described above. These 10 monoclonal antibodies each 
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have high specificity to T-2 toxin. 
Assay for T-2 toxins 

To specifically assay for T-2 toxin using anti-T-2 toxin monoclonal antibodies, usually 
RIA or ELISA is performed. When monoclonal antibodies are used for ELISA, p- 
galactosidase, alkaline phosphatase or peroxidase may be used as a labeling enzyme. 

The present invention is explained in more detail referring to examples, which, 
however, do not limit the scope of the invention. 
[Examples of the Invention] 
Example 1 

Preparation of anti-T-2 toxin monoclonal antibody-producing hybridoma and 
monoclonal antibodies 

(1) Preparation of T-2 hemisuccinate (T-2-HS) 

After adding 50 mg of T-2 toxin to 2 ml of dry pyridine for dissolution, 600 mg of 
succinic anhydride was added to the solution, followed by hemisuccinilation at 80°C for 2 
hours, whereby T-2 toxin was converted to T-2 hemisuccinate (T -2-HS). To the reaction 
mixture was added 2 ml of distilled water to decompose an excess succinic anhydride and 
then an equal volume of chloroform was added to eluteT-2-HS derivatives. The 
chloroform solution was washed 10 times with distilled water to completely remove side 
reaction products and residual pyridine and was evaporated to dryness under reduced 
pressure to obtain T-2-HS. 

(2) Preparation of immunoantigen and antigen for assay 

Forty milligrams of bovine serum albumin (BSA) was dissolved in 4 ml of 0.01 M 
phosphate buffered saline (PBS pH 7.0) to which 80 mg of 1-ethyl-3-(dimethylamino- 
propyl) carbodiimide (EDPC) was added. To this solution, a solution of 5 mg of T-2-HS 
in 0.1 ml of dimethylformamide (DMF) was added dropwise while stirring at room 
temperature. 
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After further stirring at room temperature for 12 hours, the reaction liquid was dialyzed 
against physiological saline. Undialized fractions were centrifuged at 2000 rpm for 1 0 
minutes to precipitate some impurities and the supernatant was obtained as a 
physiological saline solution of T-2-HS-BSA. 

The above procedures were repeated using ovalbumin (OVA) and keyhole limpet 
hemocyanin (KLH) in place of BSA to prepare T-2-HS-OVA and T-2-HS-KLH. 

Furthermore, using ochratoxin A (OTA) in place of T-2-HS, OTA-BSA, OTA-OVA and 
OTA-KLH were prepared according to similar procedures. 

(3) Immunization 

An emulsion was prepared by mixing 1 ml of physiological saline in which 2 mg of T- 
2-HS-BSA was dissolved with 1 ml of Freund's complete adjuvant and 0.1 ml of the 
emulsion was administered subcutaneously to the back of Balb/c mice (female, 4 weeks 
of age). After 10 and 20 days, further immunization was performed by intraperitoneally 
administering or injecting to the tail vein, a physiological saline solution of 10 \ig of T-2- 
HS-BSA. 

(4) Cell fusion 

At day 3 after the final immunization, spleens of the mice were extracted and spleen 
lymphocytes were broken in a plastic dish containing 10 ml of MEM medium. The spleen 
lymphocytes were repeatedly centrifuged (1000 rpm, 10 minutes) and washed three times 
with MEM medium. The spleen lymphocytes (1 .8 x 10 3 cells) and 8-azaguanine- 
resistant myeloma SP2/0-Ag14 (SP2) (2 x 10 7 cells) were mixed and centrifuged at 1000 
rpm for 10 minutes to give a pellet. The supernatant MEM medium was removed by 
suction and the pellet was broken, to which 1 ml of 50% PEG 4000 was added over one 
minute. The mixture was reacted at 37°C for 1 minute while stirring with the pipette used. 
Subsequently, 1 ml of DM EM medium maintained at 37°C was added thereto over one 



8 



minute. After repeating the same procedure one more time, 7 ml of DMEM medium 
warmed to 37°C was added over 2 to 3 minutes. Immediately after the addition, the 
mixture was centrifuged at 800 rpm at room temperature for 6 minutes to remove the 
supernatant, followed by the addition of 30 ml of 20% fetal calf serum (FCS)-DMEM 
medium warmed to 37°C to suspend the pellet. To the suspension was further added 30 
ml of 20% FCS-DMEM medium to more fully suspend the pellet and 0.1 ml of the resulting 
suspension was put into each well of seven 96-well incubation plates. Incubation was 
performed in a C0 2 incubator. Throughout the following description, the day cell fusion 
was done is designated as day 0. 

(5) Selection with HAT 

At day 1, 0.1 ml/well of HAT medium (20% FCS-DMEM medium containing 1x10" 4 M 
hypoxanthine, 4x10" 7 M aminopterin and 1 .6x1 0 5 M thymidine) was added. At days 2, 3, 
5, 8 and 11 , half the medium was removed by suction and 0.1 ml of HAT medium was 
added. Thereafter, the medium was exchanged with HT medium (HAT medium without 
containing aminopterin) every 3 and 4 days using similar procedures. As a result, 
hybridomas proliferated in all the wells. 

(6) Selection of hybridoma 

During the period between two and three weeks after cell fusion, incubation 
supernatant of each well was collected and assayed by ELISA. 

First, T-2-HS-KLH (2 jxg/100 fil) was put into an ELISA plate and allowed to stand at 
25°C for 2 hours, whereby the antigen was immobilized on the plate. After washing 
three times with PBS containing 0.05% Tween20, ovalbumin (OVA) (500 ng/100 ^l) was 
put into the plate to avoid non-specific absorption of proteins in the incubation supernatant, 
followed by standing at 25°C for 1 hour. Next, the plate was washed three times with the 
same buffer and 1 00 \i\ of the supernatant of each of the above cell cultures was put 



thereto, followed by standing at 25°C for 1 hour. Separately, 100 \i\ of 20% FCS-DMEM 
medium was put into the plate as the negative control. After further washing 4 times with 
the same buffer, 100 \x\ of an anti-mouse immunoglobulin antibody-alkaline phosphatase 
complex solution was put into the plate, which was allowed to stand at room temperature 
for 1 hour. After washing 4 times with the same buffer, a p-nitrophenyl disodium 
phosphate -6H 2 0 (1 mg/ml) solution was put into the plate in 100 |xl portions and reaction 
was carried out at room temperature for 30 minutes. Thereafter, the alkaline 
phosphatase activity was determined by measuring O.D.405nm. 

In a similar manner, by immobilizing T-2-HS-BSA, T-2-HS-OVA, OTA-KLH, OTA-BSA 
and OTA-OVA on the plates and carrying out ELISA, hybridomas proliferating in the 
supernatants of which the assay shows positive relative to T-2-HS-KLH, T-2-HS-BSA, 
and T-2-HS-OVA and negative relative to OTA-KLH, OTA-BSA, and OTA-OVA, 
respectively, were selected as anti-T-2 toxin antibody producing hybridomas. 

Anti-T-2 toxin antibody production was observed in 60 out of 390 wells. 

Furthermore, to identify the genuine anti-T-2 toxin antibody producing hybridomas, an 
inhibition test by free T-2 toxin was carried out. More specifically, the activity of the 
hybridoma against T-2-HS-OVA in each well was assayed in the presence of 0.5 \xg of T- 
2 toxin using the ELISA experimental system described in (5) of Example 1 and those 
whose activity was inhibited by T-2 toxin were determined as genuine anti-T-2 toxin 
antibody producing hybridomas. Anti-T-2 toxin antibody producing hybridomas were 
observed finally in 35 wells. 
(7) Scale up to 1 ml-scale incubation 

When the wells in which anti-T-2 antibody is produced were known, the cell 
suspension of each well was transferred to a 24-well plate and 1 ml-scale incubation was 
performed. Thymus cells of Balb/c mice were used as supporting cells. 
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0.5 ml of HT medium is put into each well of a 24-well incubation plate andl - 2x1 0 7 
thymus cells are added to each. The thymus cell addition may be done by excising the 
thymus from the mice of 4 to 5 weeks of age, washing them at least 3 times, suspending 
in 20% FCS-DMEM medium (1 ml per one thymus) and adding 50 to 100 ^il of the 
resulting suspension to each well. Subsequently, the cell suspension in the antibody- 
producing well of the 96-well incubation plate is transferred to the 24-well incubation plate. 
The mixture is re-suspended and 250 jliI is put back to the former well of the 96-well plate, 
which serves as the reproduction. In this manner, the new cells can be protected from 
loss. 

After 2 to 3 days, 0.5 ml of 20% FCS-DMEM medium is added to the 24-well plate (this 
time, the supporting cells are not necessary). After 2 more days, the supernatant is 
removed and new medium is added. When the cells proliferate all over the well, the 
antibody activity is re-tested. 

If antibody production is continued, cloning is carried out immediately. 

If there are not so many wells that contain produced antibodies, cloning may be 
performed directly from the 96-well plate incubation. However, by carrying out cloning of 
hybridoma cells that still produce the antibody after being transferred to 24-well plate, it is 
possible to eliminate the fruitless step of cloning more unstable cells. 
(8) Obtaining monoclones 

20% FCS-DMEM medium containing thymus cells of Balb/c mice (10 7 cells/ml) is used 
for cloning. However, if cloning is carried out directly from the 96-well plate, HT medium 
is used. 

Anti-T-2 antibody producing hybridoma cells are counted and the cell concentration 
was adjusted by dilution so that 10 cells are contained in 1 ml of the cloning medium. 
1 00 \i\ of the suspension was put into each of 60 out of 96 wells of the incubation plate. 
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At day 5, 1 00 \i\ of the medium was added. At day 1 4, the activity was assayed by 
ELISA and clones showing the activity were propagated on a 24-well incubation plate. 
Re-cloning was performed in a similar manner to obtain anti-T-2 toxin antibody producing 
hybridoma clones, T2.1, T2.2, T2.3, T2.4, T2.5 and T2.6. 

(9) Production of monoclonal antibody 

The monoclonal antibodies are secreted in the incubation supernatants in an amount 
of 10 to 50 jxg/ml. 

After propagating T2.1 hybridoma, almost all the hybridomas were incubated just 
before their death and incubation supernatants were recovered. 

2x1 0 6 cells of T2.1 hybridoma were floated in 0.5 ml of DMEM medium and 
intraperitoneal^ administered to Balb/c mice (female, 6 weeks of age, previously 
administered intraperitoneally with 0.5 ml of pristane 3 to 10 days before) and the ascites 
fluid was recovered. 

(1 0) Determination of the class of monoclonal antibody 

The class of immunogloburins produced by the respective hybridoma clones was 
determined by the Ouchterlony's diffusion method using antisera specific to each class 
(anti-lgG1 , lgG2a, lgG2b, IgM and IgA). It was found that many of the antibodies 
including T2.1 monoclonal antibody produced by each of the hybridomas belong to lgG1 . 
Example 2 

Specificity of the monoclonal antibodies 

To examine the specificity of anti-T-2 toxin monoclonal antibodies, the extent the 
binding reaction of each of the monoclonal antibodies to T-2-HS-OVA is inhibited by T-2 
toxin and its analogs was examined. 

Determination was carried out according to the method described in Example 1 "(6) 
Selection of hybridoma". 
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T2.1 monoclonal antibody produced by T2.1 is strongly inhibited by T-2 toxin but not 
so by HT-2. Cross reactivity is a relative binding inhibitory activity obtained from the 
formula: 

Relative binding inhibitory activity = B/A 
(wherein A is the concentration of T-2 toxin analogs required for 50% inhibition of the 
binding of T-2-HS-OVA to the antibody of the present invention; and B is the concentration 
of T-2 toxin required for 50% inhibition of the binding of T-2-HS-OVA to the antibody of the 
present invention) 

expressed in percentage. From the figure, the cross reactivity relative to HT-2 is found 
to be: 

Cross reactivity = (about 1 ng/assay)/(about 30 ng/assay) x 100 = about 3% 
T2.1 monoclonal antibody is not inhibited by either neosolaniol or deoxynivalenol at all. 

The detection sensitivity of T-2 toxin by ELISA using T2.1 antibody was about 25 
pg/assay (see Fig.)- 

Similar assay results were obtained for other monoclonal antibodies. 
[Effect of the Invention] 

The novel monoclonal antibodies obtained by the present invention react specifically 
with T-2 toxin but almost not with other T-2 toxins. Therefore, they enable accurate 
assay for T-2 toxin with high specificity. 

Furthermore, in the present invention, while the monoclonal antibodies are produced 
using hybridomas, if the hybridomas are kept incubated, the monoclonal antibodies are 
available whenever necessary. Moreover, since those with uniform property can be 
obtained, it is not necessary to prepare a hapten-antigen every time animals are 
immunized and antibodies with stable quality are always available without undergoing the 
influence of individual difference of animals. 
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Brief Description of Drawing 

The Figure shows the results of examining the cross reactivity of T2.1 monoclonal 
antibody with T-2 toxin, HT-2 and neosolaniol. 
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